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lage, and analyzed the function of p53 and p53AIP1in chondrocyte
apoptosis by shear stress.
Methods: Shear stress was introduced to NHAC-kn cells (human
normal chondrocytes) with Flexcell system. DNA damage was
detected and quantiﬁed by comet assay, DNA fragmentation, and
phosphorylation of ataxia-telangiectasia mutated kinase (ATM).
To explore the p53 function, NHAC-kn cells were pretreated with
piﬁthrin- alpha, which is speciﬁc inhibitor of p53, or p53 siRNAs
before induction of shear stress. Chondrocyte apoptosis was de-
tected by expression of cleaved caspase-9 with Western blotting
and TUNEL staining. Expressions of p53 and p53AIP1, and phos-
phorylation of p53 at Ser-15 and -46 were analyzed by Western
blotting.
Results: DNA damage was actually induced by shear stress, with
the results of comet assay, DNA fragmentation, and phosphory-
lation of ATM. After loading shear stress, TUNEL positive cells
and expression levels of p53, p53AIP1 and cleaved caspase-9
were increased in a force and time dependent manner. Phospho-
rylation of p53 at Ser-15 and Ser-46 increased, compared with
non-loaded samples. Chondrocyte apoptosis was reduced when
pretreatment with piﬁthrin-alpha or p53 siRNAs. Western blotting
revealed that expressions of p53 and p53AIP1 were still detected
when chondrocytes were pre-treated with piﬁthrin-alpha. Piﬁthrin-
alpha inhibited the phosphorylation of p53 at Ser-15 compared
with non-treatment of piﬁthrin-alpha. However, piﬁthrin-alpha did
not inhibit the phosphorylation of p53 at Ser-46 compared with
non-treatment of piﬁthrin-alpha. When p53 siRNA was transfected,
p53, phosphorylation of p53 at Ser-15 and Ser-46, and p53AIP1
expressions decreased.
Conclusions: We demonstrated that expression of p53 and
p53AIP1 increased with the activation of apoptotic processes
in human normal chondrocytes following shear stress. However,
piﬁthrin-alpha reduced chondrocytes apoptosis after loading shear
stress. Furthermore, down regulation of endogenous p53 by trans-
fection of p53 siRNA inhibited chondrocytes apoptosis after load-
ing shear stress. Our results suggest that shear stress induces
apoptosis via p53, mainly phosphorylation at Ser-46, and the mi-
tochondrial pathway. In conclusion, we demonstrated that p53 and
p53AIP1 act as an important molecule for chondrocyte apopto-
sis induced by elongation shear stress, and down regulation of
exogenous or endogenous p53 expression inhibited chondrocyte
apoptosis.
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Purpose: Our recent ﬁndings have unexpectedly linked IKKα
to MMP-13 activity dependent ECM remodeling (Olivotto et. al
A&R 2008) in differentiating chondrocytes, revealing a linkage
between ECM stabilization in the absence of IKKα with a block in
chondrocyte differentiation towards a hypertrophic-like phenotype.
Here we present evidence that knocking down MMP-13 or IKKα,
either of which blocked ECM remodeling, resulted in pronounced
alterations in the pattern of Sox-9 nuclear localization that can be
linked to changes in β-Catenin levels and activation status.
Methods: Accumulation of β-catenin protein was evaluated by IHC
in maturing (1, 2 and 3 week) control, IKKα KD or MMP-13 KD mi-
cromasses and gene expression was assessed by Real Time PCR
at 1 week maturation and also in high density monolayers. Sox-9
subcellular distribution was analyzed in one week micromasses
by confocal microscopy, wherein permeabilized cells were stained
with anti-Sox9 Ab linked to Cy5 in conjunction with Sybr green
labeling of DNA. Activation of the wnt/β-catenin signaling pathway
was investigated by IHC and WB analysis of active β-catenin in
three week micromasses. Confocal microscopy analysis of Sox-
9 subcellular localization was also carried out on full thichness
slices of cartilage derived from either normal cartilage/early OA or
late OA cartilage, which were also assessed for ECM integrity by
Safranin-O staining.
Results: Both IKKα KD and MMP-13 KD prevented the accumu-
lation of total β-catenin protein in maturing micromasses and high
density monolayers, which was also associated with signiﬁcantly
lower (n=5, p=0.043) β-catenin RNA expression. Loss of either
MMP-13 or IKKα expression also blunted the accumulation of ac-
tivated β-catenin. Moreover, confocal microscopy revealed strong
intranuclear Sox-9 staining in the absence of MMP-13 or IKKα,
while the nuclei of control differentiating chondrocytes presented
a halo-like, peri-nuclear Sox-9 staining pattern. Noteworthy, in car-
tilage tissue with strong safranin-O staining, Sox-9 was mainly
localized in chondrocyte nuclei while the Sox-9 in chondrocytes
within areas of degraded OA cartilage presented a peri-nuclear
like staining pattern.
Conclusions: IKKα and MMP-13 are both required for ECM
remodeling in differentiating chondrocyte micromass cultures ex-
pression. Loss of either MMP-13 or IKKα stabilized the ECM in
conjunction with the subcellular localization of Sox-9 to cell nu-
clei, an event which was associated with a reduction in β-catenin
expression and activity. A similar pattern of Sox-9 subcellular
localization was also associated with the ECM integrity of car-
tilage tissue. On the basis of these observations, we suggest
that when chondrocytes abandon their natural maturation arrested
state in cartilage, IKKα dependent, MMP-13 initiated ECM remod-
eling can act as a focal point for functional cross-talk between
early (Sox-9) and late (β-Catenin) positive effectors of chondro-
cyte differentiation, thereby pushing chondrocytes towards a more
hypertrophic-like state.
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Purpose: Osteoarthritis (OA) is a multi-factorial disorder that re-
sults in a net loss of cartilage from synovial joints, often leading
to pain. Cartilage lesions are a product of blunted extracellular
matrix (ECM) synthesis by chondrocytes, and enhanced enzyme-
mediated ECM degradation. Although often characterized by the
single pathological feature of cartilage degeneration, OA is in-
creasingly recognized as a disease of the whole joint in which
interplay between the different cells within the joint are important.
Here we explore the impact of various joint resident cells on ECM
metabolism of chondrocytes in an in vitro co-culture system.
Methods: Primary human chondrocytes were isolated by enzy-
matic digestion of adult articular cartilage and encapsulated in 3D
alginate beads. Primary human osteoblasts, purchased from Pro-
moCell, were isolated by enzymatic digestion of bone from patients
undergoing knee endoprothesis due to arthrosis of the knee joint.
Human macrophages were differentiated from CD14+ peripheral
blood monocytes (Allcells) by treatment with macrophage colony
